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© Process for the preparation of a presulphided catalyst; process for the preparation of a sulphided 
catalyst and use of said catalyst. 



© Ex-situ presulphidation of hydrotreating catalysts comprising impregnating the catalysts with an z 
solution of an organic sulphur compound, e.g. the diammonium salt of 2,5-dimercapto-1,3,4-thiadiazole and 2,2 - 
dithiodiethanol, followed by drying of the impregnated material. The dried material is activated by contacting it 
with hydrogen gas at elevated temperature. 
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PROCESS FOR THE PREPARATION OF A PRESULPHIDED CATALYST; PROCESS FOR THE PREPARATION 
OF A SULPHIDED CATALYST AND USE OF SAID CATALYST 



The invention relates to a process for the preparation of a presulphided catalyst, a process for the 
preparation of a sulphided catalyst, and the use of said sulphided catalyst in the catalytic hydrotreatment of 
hydrocarbon-containing feeds. 

In the oil industry many processes are known in which hydrocarbon-containing feeds are catalytically 
5 treated with hydrogen; such as hydrodesulphurization, hydrodenitrogenation, and hydrocracking. In such 
processes use is made of catalysts built up from a carrier material, such as alumina, on which there are 
deposited one or more catalytically active metals or compounds thereof; examples of such metals are 
molybdenum, nickel, cobalt and tungsten. 

It is common knowledge that optimum results are obtained in using such catalysts when the catalytically 

w active metals are in their sulphided form. See for instance H. Hallie's article in Oil & Gas Journal, Dec. 20, 
1982, Technology, pp. 69-74, which also describes several techniques for preparing sulphided catalysts. 
These techniques comprise treating a fresh catalyst in a reactor at elevated temperature with a combination 
of hydrogen sulphide and hydrogen, a naturally sulphurous feed (non-spiked feed), or a feed to which a 
sulphur compound, such as carbon disulphide or dimethyldisulphide, has been added (spiked feed). 

;5 Although these techniques are practised on a large scale, they nevertheless display several drawbacks. For 
instance, they require accurate control to achieve the desired result and are time-consuming, and the 
sulphur compounds used cause odour nuisance. Moreover, protracted interruption of the actual hydrotreat- 
ment of the hydrocarbons is needed if, as is often the case in actual practice, the reactor in which these 
processes are carried out is used for sulphiding catalysts. 

20 To meet these drawbacks it is proposed in European Patent Application No. 0 153 233 that the fresh 
catalyst or a regenerated one should be contacted ex situ, i.e. outside the reactor in which the actual 
hydrotreatment of hydrocarbon-containing feeds is carried out, with an aqueous solution of diammonium 
sulphide, and the resulting material be dried to obtain a presulphided catalyst, whereupon the resulting 
presulphided catalyst is activated in situ or not in the presence of hydrogen, i.e. is brought into the 

25 sulphided state. 

This proposal also has its drawbacks, however. Firstly, aqueous diammonium sulphide is a reagent which 
produces an extremely objectionable odour. Secondly, if the total amount of the catalytically active metal is 
to be brought into the sulphided form, then, according to the teachings of the patent specification, the 
presulphiding should comprise at least two impregnating steps with the aqueous diammonium sulphide; in 

30 this process each impregnating step should be followed by a drying step, and the final drying step should 
preferably be carried out in an inert atmosphere, such as nitrogen. A disadvantage to such a preparative 
process is its laboriousness when used in actual industrial practice. Thirdly, it has been found that the 
drying during the preparation of catalysts according to said patent specification is attended with the release 
of hydrogen sulphide, causing environmental problems. Finally, it has been found that these catalysts 

35 display an objectionably poor activity. 

The present invention has for its object to meet the drawbacks to the teachings of EP-AO 153 233. 
It has been found that this object is attained if during presulphiding the fresh or regenerated catalyst is 
contacted with an aqueous medium containing an organic sulphur compound. In this way catalysts having a 
relatively high sulphur content can be prepared in a simpler manner than is described in EP-A 0 153 233, 

40 and, moreover, they do not cause odour nuisance during their preparation and display a greater activity 
during the hydrotreatment of hydrocarbon-containing feeds than do those according to the teachings of said 
patent specification. 

The fresh or regenerated catalysts to be presulphided according to the process of the invention are 
those which are known in the prior art as suited for use in sulphided form in the catalytic hydrotreatment of 

45 hydrocarbon-containing feeds, for instance in hydrodesulphurization, hydrodenitrogenation, hydrodemetal- 
lization, hydroreforming (which process, in the present context, is also considered a hydrotreatment), 
hydroisomerization, hydrocracking, hydroalkylation, and hydrodealkylation. Such catalysts commonly con- 
tain a carrier material, such as alumina, silica, silica-alumina, or crystalline aluminosilicate, with deposited 
thereon one or more metals or compounds of metals, such as oxides, the metals being selected from the 

so groups lb, Vb, Vlb, Vllb, and VIII of the Periodic System. Typical examples of these metals are iron, cobalt, 
nickel, tungsten, molybdenum, chromium, vanadium, copper, palladium, and platinum as well as combina- 
tions thereof. Preference is given to molybdenum, tungsten, nickel, cobalt, platinum and palladium and 
combinations thereof. The metal content of the catalysts generally is 0,1-30% by weight, calculated on the 
weight of the total catalyst. 
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In addition, the catalysts may still contain other components, such as phosphorus, halogen, borium, zeolites 
and clays - including pillared clays. 

The shape of the catalysts is dependent on the process in which they are used. Most frequently used are 

extruded particles (cylindrical, polylobes) and also fluidizable particles, 
s The sulphur compound to be used should be organic, i.e. having at least one carbon atom in the 

molecule. The compound should be either water-soluble or water-miscible. Use may with advantage be 

made of those compounds which permit the preparation of aqueous mediums which at 25 *C and per 100 

ml contain at least 1 , preferably at least 2, and more particularly at least 3 g of homogeneously distributed 

sulphur, i.e. the compound is fully dissolved or mixed. 
70 As examples of suitable compounds may be mentioned 

salts of ethylene bis(dithiocarbamic acid), 

salts of 2,5-dimercapto-1 ,3,4-thiadiazole, 

salts of dimethyldithiocarbamic acid, 

thiourea, 
15 ammonium thiocyanate, 

dimethyl sulphoxide, 

3,4-dithia adipic acid and salts thereof, and 
2,2'-dithiodiethanol 

Also, use may be made of combinations of sulphur compounds. 

20 Preference is given to sulphur compounds with at least two sulphur atoms in the molecule. 

It should be noted that when a salt of a sulphur compound is used in the presulphiding process according 
to the invention, it must not be an alkali metal salt or an earth alkali metal salt. It is common knowledge that 
alkali metal ions and earth alkali metal ions in catalysts have a negative effect on the catalytic action. Salts 
that are preferred, also for reasons of economy, are ammonium salts and mono-, di-, tri-, and tetra alkyl 

25 ammonium salts. The methyl group is the most suited alkyl group. 

Use may be made of conventional impregnation methods for contacting the fresh or regenerated 
catalyst with the aqueous medium containing the organic sulphur compound, for instance immersion, 
impregnation by spraying, impregnation by vacuum and soaking. 

The length of this treatment may range from several minutes to several hours. In general the impregnation 
30 will be carried out at room temperature. Optionally, however, the operation may also take place at higher 
temperatures. 

The amount of sulphur compound to be used is dependent on the degree of sulphiding desired for the 
ready-for-use catalyst. Conventional degrees of sulphiding are in the range of 0,5 x stoichiometric to 1,5 x 
stoichiometric, on which basis it is easy for the skilled man to determine the amount of sulphur compound 
35 to be used in the presulphiding process. 

After the organic sulphur compound has been incorporated into the catalyst, the resulting material need 
be dried to remove excess water. To this end use may be made of conventional equipment, such as ovens 
and belt driers. 

Next, the resulting presulphided catalyst should be activated in order to bring the catalyst into the 
40 sulphided form. Such activation is carried out by passing hydrogen gas, in combination or not with a 
hydrocarbon-containing feed, over the presulphided catalyst at a temperature in the range of 100° C to 
600° C, preferably in the range of 100° C to 400° C, and a hydrogen pressure in the range of 1 to 300 bars, 
preferably 5 to 100 bars. This process step may be carried out either ex situ, i.e. in a separate reactor, or in 
situ, i.e. in the reactor in which the catalyst will be used. 
45 The catalyst thus prepared is suitable to be used in the catalytic hydrotreatment of hydrocarbon- 
containing feeds. The most significant of these processes are hydrodesulphurization, hydrodenitrogenation, 
hydrodemetallization, hydroreforming, hydroisomerization, and hydrocracking. The process equipment to be 
used and the conditions under which the reactions are carried out vary with the process used and have 
been described in detail in the prior art. See for instance M. De Wind et al., Proceedings of symposium on 
so catalyst performance testing, March 28/29, 1988, pp. 29-42; published by Unilever Research Laboratories, 
Vlaardingen, The Netherlands. Very generally, the following reaction conditions apply here: temperatures in 
the range of 200 * C to 550 " C, LHSV values in the range of 0,1 to 1 0 hours -1 , hydrogen partial pressures in 
the range of 1 0 to 300 bars, and hydrogen/hydrocarbon ratios in the range of 50 to 5000 Nm 3 /m 3 . 
The invention will be further described in the following examples. 

55 

Example 1 
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Presuiphiding 

In a rotating impregnator 1 kg of fresh catalyst KF-165® (ex Akzo Chemicals; catalyst composition: 
15,4% by weight of Mo0 3 , 4,2% by weight of CoO, alumina; PV (H 2 0): 0,46 ml/g) was impregnated at room 
s temperature with an aqueous solution prepared by dissolving 0,88 moles of diammonium salt of 2,5- 
dimercapto-1 ,3,4-thiadiazole in such an amount of water as to obtain a final volume of 460 ml, use being 
made of the pore volume saturation technique. Next, the resulting material was dried in an oven for 15 
hours at 100°C. The sulphur content of the catalyst thus presulphided and the sulphur content of the 
catalyst in the sulphided state calculated therefrom are given in Table 1 . 



Activation and hydrotreatment 

75 ml of the resulting catalyst were introduced into a reactor tube. The reactor tube had a diameter of 
75 21 mm and in longitudinal direction it contained a thermocouple tube with a diameter of 6 mm. The length 
of the catalyst bed was 45 cm. Activation was as follows. 

First the reactor was flushed with nitrogen to remove air. Next, hydrogen gas was passed upwardly over the 
catalyst at a pressure of 60 kg/cm 2 and at a rate of 65 l/hour, the temperature being increased from room 
temperature to 150° C in a period of 1 hour. Subsequently, a light gas oil (LQO), the relevant data on which 
20 is provided in Table 2, was admixed in the hydrogen gas stream at a rate of 200 ml/hour and the 
temperature was incrementally raised to 368° C over a period of 12 hours. 

The catalyst thus activated was used in the same reactor for hydrotreating a vacuum gas oil (VGO), the 
relevant data on which is provided in Table 2. A first treatment was carried out at a temperature of 368° C, a 
hydrogen partial pressure of 50 bars, a hydrogen to oil ratio of 300 Nm 3 /m 3 , and an LHSV of 2,67 hours -1 . 
25 Subsequently, a treatment was carried out at an LHSV of 1,33 hours -1 , given otherwise identical conditions. 
The data obtained was used to determine the relative volume activity (RVA) of the catalyst for desul- 
phurization, the catalyst according to EP-A 0 153 233 described in Example 6 below being used as 
standard. The value found for the RVA is given in Table 1 . 

30 

Example 2 

The procedures described in Example 1 were repeated, except that presuiphiding was carried out using 
0,64 moles of diammonium salt of ethylene bis(dithiocarbamic acid). The results are given in Table 1 . 

35 

Example 3 

The procedures described in Example 1 were repeated, except that presuiphiding was carried out using 
40 1 ,32 moles of 3,4-dithia adipic acid. The results are given in Table 1 . 



Example 4 

The procedures described in Example 1 were repeated, except that presuiphiding was carried out using 
1,27 moles of dimethylammonium salt of dimethyldithiocarbamic acid. The results are given in Table 1. 



Example 5 

50 

The procedures described in Example 1 were repeated, except that presuiphiding was carried out using 
1 ,32 moles of 2,2'-dithiodiethanol. The results are given in Table 1 . 



55 Example 6 (comparative example) 



A fresh KF-165® catalyst was presulphided using an aqueous solution of diammonium sulphide as 
described in EP-A 0 153 233, p. 19, I. 12 through p.20, I. 20. After the second drying step in a nitrogen 
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atmosphere the sulphur content of the presulphided comparative catalyst was 7,4% by weight. From it is 
calculated for the catalyst in the sulphided state a sulphur content of 8,0% by weight, which within the 
measuring error corresponds to the amount of 8,6g of sulphur per 100 g of catalyst mentioned in the 
publication. 

s The presulphided catalyst was then activated and used to hydrotreat VGO in the manner described in 
Example 1. The activity of this catalyst was arbitrarily rated 100. See Table 1. 

The results listed in Table 1 clearly show that the catalysts which were presulphided by the process 
according to the invention display a desulphurizing activity superior to that of the catalyst according to EP-A 
0 153 233. 

10 

TABLE 1 



Example 


Sulphur content(wt.%) 


RVA 


presulphided 


sulphided 


1 


7,3 


7,8 


155 


2 


7,1 


7,6 


152 


3 


6,8 


7,8 


138 


4 


6,7 


7,5 


141 


5 


7,1 


7,8 


152 


6' 


7,4 


8,0 


100 



"Comparative Example 



TABLE 2 



Feed 


N (wt.ppm) 


S (wt.%) 


Density 
50°C(g/ml) 


Boiling point fract( ' C) 


10% 


30% 


50% 


70% 


90% 


LGO 


92 


1,17 


0,8145 


224 


262 


288 


313 


349 


VGO 


970 


2,93 


0,9018 


391 


421 


451 


486 


527 
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Example 6 



Sulphur retention test 

45 

This test provides a simple yet effective method of determining the suitability for use as (pre)sulphiding 
reagent of sulphur compounds. 
The test is carried out as follows. 

Use is made of an impregnated KF-165® catalyst subsequently dried at 100°C; see for instance the 
so presulphided catalyst prepared in Example 1. It is heated for 16 hours in an atmosphere of static air, in an 
oven, at 160* C. Care should be taken that the catalyst material is spread evenly and has a maximum bed 
height of 1 cm. Next the composition of the starting material and the product material is determined by 
chemical analysis, and the sulphur content is calculated on the basis of the total weight excluding i) water 
that may be present and ii) the constituents other than sulphur originating from the original sulphur 
55 compound. From the resulting sulphur contents of the starting material (Ss) and the product material (Sp) 
can be calculated the sulphur retention (Sr) by the formula 
Sr = ix 100% 

Table 3 lists the Sr values for the compounds used in the preceding Examples. 
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TABLE 3 



Example 


Sr(%) 


2 


92 
91 


3 


98 


4 


80 


5 


75 


6* 


51 



"Comparative Example 



As a rule, those sulphur compounds are suited to be used in the presulphiding process according to the 
invention which in the sulphur retention test have an Sr value of at least 55%, preferably of at least 65%, 
and more particularly of at least 80%. 



Example 7 



Presulphiding 

In a rotating impregnator 1 kg of a fresh commercial mild-hydrocracking catalyst (catalyst composition: 
10,0 wt.% of M0O3, 2,7 wt.% of CoO, silica-alumina support; PV(H 2 0): 0,60 ml/g) was impregnated at room 
temperature with an aqueous solution prepared by dissolving 0,86 moles of 2,2'-dithiodiethanol in such an 
amount of water as to obtain a final volume of 600 ml, use being made of the pore volume saturation 
technique. Next, the resulting material was dried in an oven for 15 hours at 100° C. The sulphur content of 
the catalyst thus presulphided was 4,8 wt.% and that of the catalyst in the sulphided state calculated 
therefrom 5,2 wt.%. 



Activation and hydrotreatment 

100 ml of the resulting catalyst were introduced into the reactor tube, the details of which are described 
in Example 1. Activation was carried out according to the procedure also described in Example 1. 
The catalyst thus activated was used in the same reactor for hydrotreating a vacuum gas oil, the relevant 
data on which is given in Table 2. 

For a first hydrodesulphurization and hydrodenitrogenation treatment the conditions (I) included a tempera- 
ture of 370° C, a hydrogen partial pressure of 50 bars, a hydrogen to oil ratio of 600 Nm 3 /m 3 and an LHSV 
of 1,50 hours -1 . After a subsequent change for a mild-hydrocracking treatment the conditions (II) included a 
temperature of 407° C, a hydrogen partial pressure of 50 bars, a hydrogen to oil ratio of 320 Nm 3 /m 3 and an 
LHSV of 0,5 hours" 1 . 

The data obtained was used to determine the RVA of the catalyst for hydrodesulphurization (HDS), 
hydrodenitrogenation (HDN) and mild-hydrocracking (MHC), the catalyst according to EP-A-01 53233 de- 
scribed in Example 8 below being used as standard. The RVA values are given in Table 4. 



Example 8 (comparative example) 

A fresh commercial mild-hydrocracking catalyst (the same type as used in Example 7) was presul- 
phided using an aqueous solution of diammonium sulphide as described in EP-A-01 53233, p. 19, I. 12 
through p.20, I. 20. After the second drying step in a nitrogen atmosphere the sulphur content of the 
presulphided comparative catalyst was 5,0 wt.%. From it is calculated for the catalyst in the sulphided state 
a sulphur content of 5,3 wt.%. 

The presulphided catalyst was then activated and used to hydrotreat VGO in the manner described in 
Example 7. The RVA values of this catalyst were arbitrarily rated 100. See Table 4. 
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The results in Table 4 show that the catalyst which was presulphided by the process according to the 
invention displays activities superior to those of the catalyst according to EP-A-01 53233. 



Example 


RVA 


Condition 1 


Condition II 


HDS 


HDN 


HDS 


HDN 


MHC 


7 


>200 


163 


>200 


120 


125 


8* 


100 


100 


100 


100 


100 



"Comparative Example. 



Claims 



1. A process for the preparation of a presulphided catalyst which following activation is suitable for use 
in the catalytic hydrotreatment of hydrocarbon-containing feeds, in which process a catalyst containing a 
carrier material with deposited thereon one or more catalytically active metals or metal compounds is 
contacted with an aqueous medium containing a sulphur compound and after a sufficient amount of the 
sulphur compound has been incorporated into the catalyst, the resulting catalyst material is dried, 
characterized in that the sulphur compound is an organic sulphur compound. 

2. A process according to claim 1 , characterized in that the organic sulphur compound is selected from 
the group consisting of 

salts of ethylene bis(dithiocarbamic acid), 
salts of 2,5-dimercapto-1 ,3,4-thiadiazole, 
salts of dimethyldithiocarbamic acid, 
thiourea, 

ammonium thiocyanate, 
dimethyl sulphoxide, 

3,4-dithia adipic acid and salts thereof, and 
2,2'-dithiodiethanol. 

3. A process according to claim 1 or 2, characterized in that the organic sulphur compound has at least 
two sulphur atoms in the molecule. 

4. A process for the preparation of a sulphided catalyst suitable for use in the catalytic hydrotreatment 
of hydrocarbon-containing feeds, in which process a presulphided catalyst is contacted at elevated 
temperature with hydrogen gas, characterized in that the presulphided catalyst is a catalyst obtained 
according to any one of the processes described in the preceding claims. 

5. Use of a catalyst obtained according to the process of claim 4 in the catalytic hydrotreatment of a 
hydrocarbon-containing feed. 
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